Objective: A previous pilot series described a hybrid mastoidectomy technique, canal wall window (CWW), which substituted for the canal wall down (CWD) procedure and involved slitting the posterior canal wall. The current, larger series compares the results of the CWW procedure with conventional surgical techniques. Study Design: Retrospective analysis of 78 pediatric ears. Setting: Academic tertiary referral center. Patients: The mean patient age was 13.5 years. Main Outcome Measure(s): The data analyzed included ears later requiring conversion from CWW to CWD, dry/ moist ear results, recidivation determined by two separate methods, and audiometric data statistically analyzed using independent-samples analysis (unpaired, two-tailed Student's t test). Results: First, of 42 CWW ear procedures, 6 (14%) later required conversion to CWD. Second, dry ear results were as follows: for CWW, 94%; for CWD, 92%; and for CWU (canal wall up), 90%. Third, recidivation determined at 1 year (standard rate) was, for CWW, 19.5%; for CWD, 0%; and for CWU, 7.7%; the at-risk calculation rate was, for CWW, 27%; for CWD, 0%; and for CWU, 8.3%. The 6-year recidivation rate for all three surgical techniques was 0%. 4). The mean preoperative-to-postoperative four-tone air-bone gap change was, for CWW, from 29.7 to 26.4 dB; for CWD, from 32.9 to 39.0 dB; and for CWU, from 21.0 to 25.2 dB (postoperative CWW to CWD, p , 0.005). A postoperative air-bone gap result of 0 to 20 dB was achieved as follows: with CWW, in 13 of 36 ears; with CWD, in 2 of 14 ears; and with CWU, in 9 of 22 ears. Conclusion: Frequently, a CWW procedure can be substituted for a traditional CWD procedure. In the extended series, the CWW technique continued to provide hearing results similar to CWU rather than to CWD procedures in a young population who will bear the surgical outcome for many decades.
The management of cholesteatoma in children is complex with reports of significant recidivation rates of 13 to 60% (1) (2) (3) (4) (5) . Additionally challenging is the realization that the child will live with the surgical outcome for many decades.
Traditionally, otologists managed the aural disease of cholesteatoma by radical and modified radical mastoid surgery to create a safe ear (6, 7) . Later, the technique emphasis shifted to avoid unnecessary surgical destruction and to attempt optimization of hearing function, resulting in the deployment of canal wall up (CWU) surgery (2, 3, 8) . Some flexible surgeons have used either of these techniques depending on the individual case (4, 5, (9) (10) (11) . Various ingenious efforts to reconstruct a canal wall with many materials also have been attempted as a concept to mimic normal anatomy and to potentially enhance hearing outcomes.
However, after centuries of awareness about cholesteatoma, our only therapeutic tool is still surgical. Until novel medical management emerges, the surgeon who chooses conventional canal wall down (CWD) surgery must appropriately but deliberately destroy precious anatomy, which will almost certainly result in decades of suboptimal hearing function and, potentially, in aural hygiene issues. Ideally, the postoperative ear should be free of disease, water worthy, and hearing functionally. Achieving all of these objectives using a CWD technique is often impossible.
We have reported another alternative to CWD surgery should the disease be sufficiently extensive that CWU surgery is no longer a viable option; drilling a slit through the canal wall provided both improved viewing and unique instrumentation capacity (1) . The preservation of the existing canal wall (by creating only a slit) also offered the advantage of not necessitating an attempt to recreate an entirely new wall should the surgeon attempt to eliminate the cavity and to reconstruct for potential hearing improvement. Since the initial report, this canal wall window (CWW) technique has continued to be useful as an intermediate step to use immediately before CWD surgery when CWU surgery had seemed imprudent because of inadequate exposure for the amount of disease. The current study evaluates the expanded population who had undergone CWW surgery and compares results with a population of patients who have undergone a CWD procedure. In addition, a comparison to patients with a more manageable disease burden who underwent a CWU procedure during the same study interval is provided.
PATIENTS AND METHODS
A retrospective chart review was performed of 75 pediatric patients (78 ears) undergoing mastoid cholesteatoma surgery by the same senior surgeon (R. D. E.) during the time interval from March 1996 to November 2001. A CWW procedure was determined intraoperatively and was performed only if the exposure possible via a CWU procedure proved inadequate and if a CWD technique would have been the routine next option. Such patients had cholesteatoma visible both in the antrum and in the middle ear, with disease obscured by the canal wall itself at the ''bridge'' area, including involvement of any remaining long process of incus. All cholesteatoma patients undergoing mastoidectomy were serially included. Patients with bilateral cholesteatoma were included, and each ear was analyzed separately. Exclusions were made for ''congenital'' cholesteatoma and surgery for other conditions requiring mastoidectomy surgery, such as chronic otitis media without cholesteatoma, Langerhans' cell histiocytosis, and rhabdomyosarcoma.
Measured outcomes
First, the number of ears treated surgically as using the CWW technique that later required CWD conversion was a measured outcome. Second, the ear being considered dry or wet was a measured outcome. A dry ear was defined as complete epidermization of the tympanic membrane and/or graft with no episodes of otorrhea. Moist ear was defined as one or more episodes of otorrhea or the otoscopic presence of a moist graft/tympanic membrane, myringitis, or granulation tissue. Third, cholesteatoma recidivation at repeat surgery and/or by clinical otoscopic determination was a measured outcome. To complete the recidivation standard rate, calculations were computed for each observation period by dividing the total number of recurrences for each observation period by the total number of patients in the study (12) . The at-risk calculation rate (Nelson-Aalen method) was calculated by dividing the number of total recurrent cholesteatoma patients from each observation period by the number of patients observed for a minimum time of that period (12) .
Fourth, audiometric analyses of results were performed according to the guidelines of the Committee on Hearing and Equilibrium for the evaluation of results of treatment of conductive hearing loss (13) . Audiometric pure-tone thresholds by air conduction were recorded at octave intervals ranging from 0.5 to 4 kHz and by bone conduction at octave intervals ranging from 0.5 to 4k Hz by applying appropriate masking. The air-bone gap was reported as the four-tone pure-tone average (PTA) (0.5, 1, 2, and 4 KHz) for air conduction minus the same average for bone conduction using air-conduction and bone-conduction values determined at the same time (13, 14) . Audiometric data were analyzed for mean, SD, range, frequency, and air-bone gap. Data were statistically analyzed using an independent-samples analysis (unpaired, two-tailed Student's t test [SPSS software, version 7.0, SPSS, Inc., Chicago, IL, U.S.A.]). Significance was set at p , 0.05.
Technique of canal wall window surgery
The CWW surgical procedure has been described previously (1) . Briefly, in the exposure phase, a standard CWU mastoidectomy initially is performed until a determination is reached that still further exposure is necessary. Time must be devoted to provide wide exposure of the epitympanum via a lateral epitympanotomy. One-to two-millimeter burs are advantageous in this location. The lateral epitympanotomy is necessary because the slit will be placed cephalad along the canal wall ( Fig. 1) .
A typical situation for use of the CWW procedure will occur should unmanageable middle ear cholesteatoma still be present beyond the medial surface of the canal wall (the ''bridge'' area), typically for a cholesteatoma focused in the posterior superior quadrant. Because the presence of the wall compromises visibility and access, a slit can be created either partially from the medial bridge area or totally through the entire canal wall through lateral cortex. The slit provides an excellent window for visibility, as well as a conduit through which to pass instruments for cholesteatoma removal. This slit maneuver can be combined as necessary with a posterior tympanotomy for additional exposure in the facial recess region. Should epitympanic disease be located anteriorly beyond the head of the malleus, conventional removal of the incus and malleus head provides further excellent access.
In the reconstructive phase, the slit must be closed. After harvesting tragal cartilage, a Beaver No. 6700 blade can score through the proximal perichondrium and cartilage, preserving the distal perichondrium. The scored cartilage folds like a book, which can be inserted into the slit (Fig. 2) . As an alternative, a long, thin cortical bone graft can be used. Care must be taken to place either type of graft completely medially into the bridge or annulus region to avoid subsequent canal skin retraction. In two patients, an intraocular lens (Alcon, Fort Worth, TX, U.S.A.) was used to fill in part of the gap with no untoward findings at repeat-look surgery. The ossiculoplasty and tympanoplasty techniques depend on the patient's disease and the surgeon's preference.
RESULTS

General statistics
There were 54 male and 21 female patients. The mean patient age was 13.5 years. Table 1 summarizes the general statistics regarding the numbers of operated ears, mean age, mean follow-up, and follow-up range for each group and the sex ratio.
Operations and CWD conversions
The number of operated ears was 78; 42 (53.8%) had initial CWW surgery. Of the CWW ears, six (14%) were later converted at repeat-look surgery to the CWD technique. (Conversion to CWD was performed for substantial disease recidivation in a patient whose parents were unable or unwilling to have another repeat-look procedure performed.) Canal wall down surgery was performed primarily in 14 (17.9%) patients. Canal wall up surgery was performed in 22 (28.2%) patients, and no CWU ears subsequently required conversion to CWD.
Dry and moist ears
The outcome of a completely dry, epidermized ear without otorrhea was as follows: for CWW, 94%; for CWD, 92%; and for CWU, 90%.
Recidivation rates
The recidivation rate as assessed by using standard rate calculation and at-risk calculation rate (Nelson-Aalen method), based on the findings in all patients of cholesteatoma or cholesteatoma-free status at repeatlook surgery (plus subsequent clinical otoscopic detection), was initially highest in the CWW group ( Table 2) .
The first-year recidivation rate (because repeat-look procedures tended to be performed at 6 to 12 mo) based on the standard rate calculation demonstrated the following findings: with CWW, 19.5%; with CWD, 0%; and with CWU, 7.7%. The at-risk calculation rate (NelsonAalen method) at the first year demonstrated recidivation rates as follows: with CWW, 27%; with CWD, 0%; and with CWU, 8.3%. Notably, by using repeat surgery for recidivation disease, both the standard and the at-risk calculation rates demonstrated no known cases of cholesteatoma in CWW patients at 2 years. This 0% rate continued in the CWW group through the 6-year observation period. The achievement of a 0% known recurrence rate at 2 years took less time for the CWW group compared with the CWD group at 6 years and CWU group at 4 years.
Hearing results
No particular method of ossiculoplasty hearing reconstruction was used consciously as a preference in any of the three groups. Tympanoplasty most often was performed using the cartilage ''butterfly'' technique with grafts of various sizes (15) . The patients in whom 
FIG. 1. Drilling technique. (A)
The canal wall has been drilled intact. Dotted lines indicate further exposure to be obtained via a lateral epitympanotomy. (B) After a lateral epitympanotomy has been performed, a thin slit is drilled from the lateral cortex to the medial aspect of the canal wall at the annulus near the posterior tympanic spine and the incus. Small burs of 1 to 1.8 mm are the most useful for this maneuver. The surgeon then obtains a view through the previously obstructed (bridge) area, as well as the ability to pass instruments through the canal wall. Reprinted with permission from Eavey and Lubianca (1). primary hearing reconstruction was not possible were staged for the final outcome.
The hearing results were reviewed for the three operative groups. The mean preoperative to postoperative four-tone air-bone gap change was as follows: with CWW, an improvement from 29.7 to 26.4 dB; with CWD, a diminution from 32.9 to 39.0 dB; and with CWU, a diminution from 21.0 to 25.2 dB (Table 3) . Of the three groups, the CWW patients were the only group that demonstrated improved postoperative hearing results with a mean gain of 3.3 dB. The CWD and CWU groups, respectively, revealed a 6.1 dB and 4.2 dB worsening in the mean postoperative four-tone air-bone gap ( Table 3) .
The preoperative statistical comparisons demonstrated that the CWW group hearing levels were similar to the CWD patients (p = 0.387); also, CWW patients preoperatively demonstrated statistically worse initial hearing compared with CWU patients (p , 0.041). In contrast, the postoperative hearing levels showed a statistically significant improvement between CWW and CWD patients (p , 0.005); also, the final results were similar between CWW patients and the CWU group (p = 0.728). This statistical shift occurred because of the changes in postoperative hearing results between groups rather than changes within each group.
To compare the number of patients having serviceable hearing, five categories of hearing levels (0- 
DISCUSSION
The major surgical styles of CWD and CWU have not changed substantially in decades. Creative attempts to modify the mastoid cavity or to recreate a neo-canal wall include autologous cartilage (10, 11, 16, 17) ; bone (18) (19) (20) ; flaps of muscle and fascia (21), pericranium (22) , perichondrium (23), or skin (24); homograft materials (25, 26) ; and alloplastic materials such as demineralized bone matrix (27) , mesh (28), ceramic glass (29, 30) , Proplast (31), hydroxyapatite (32, 33) , and Alloderm (34) .
An understandable divergence of opinion remains regarding which type of traditional surgical technique is best used (35, 36) . A number of surgeons have advocated primarily the CWD technique (6, 7, (35) (36) (37) , others have preferred the CWU procedure (2,3,9,38) or canal wall modification, and some surgeons have described using various techniques to fit the individual situation (4, 5, 8, 35) . Because both CWD and CWU techniques provide advantages and disadvantages, perhaps an intermediate method to perform a mastoidectomy before CWD technique could be deployed. Ideally, such an intermediate technique would provide enhanced exposure yet not require reconstruction of the entire canal wall, analogous to a posterior tympanotomy. Because the posterior tympanotomy approach provides excellent access to the facial recess region, the canal wall window primarily provides access to the region medial to the canal wall beyond the annulus and the posterior tympanic spine, near the long process and the body of the incus. This blind location is commonly invaded by mesotympanic cholesteatoma spreading to the antrum.
Historically, the index case (1) was in a patient with contralateral unilateral microtia and atresia and a preoperative 45-dB conductive hearing loss in the ear with extensive cholesteatoma. Her postoperative hearing result improved to 7 dB using the new CWW technique and a Type III stapes columella reconstruction with a butterfly cartilage graft tympanoplasty. The second patient of the pilot series had a hearing gain from 30 to 7 dB with only a footplate for reconstruction with a total cartilage butterfly graft tympanoplasty and a subsequent staged total ossicular replacement prosthesis. Encouraged by these preliminary results, CWW surgery was used more often as an alternative to CWD surgery. Not all of the initial patients achieved normal hearing, but the preliminary report of 13 CWW patients demonstrated that the hearing improved, on average, from preoperative to postoperative levels (1). In the current, larger series, the improved hearing results are confirmed and extended. CWW surgery demonstrated a statistically improved result compared with CWD surgery and equivalent postoperative hearing outcomes with CWU surgery. Conclusively determining hearing results by surgical mastoidectomy technique only is challenging, because of the number of confounding variables such as middle ear aeration, tympanoplasty style, and individual healing characteristics (39) (40) (41) . However, in our current study, all patients were serially included to represent a realistic outcome.
Only 6 of the initial 42 CWW patients (14.7%) required subsequent conversion to CWD surgery. Ninetyfour percent of the CWW patients demonstrated a dry ear. Thus, the CWW technique most often does not require CWD conversion and results in a dry ear without the need for cavity care. Therefore, these patients are encouraged to try unprotected water exposure after healing.
The recidivation rate was higher initially in the CWW technique compared with the CWD technique. Such a finding would not be unanticipated because the cholesteatoma disease burden is as great as in the CWD group, yet more anatomically conservative surgery was able to be used. After sufficient repeat-look surgery was performed, the known recurrence rate for all patients was 0%. The 0% known recidivation rate was achieved earlier (and maintained for 6 years) in the CWW group at 2 years. In the CWD group, this required 6 years, and the CWU group achieved 0% recurrence rate by 4 years. Recidivation rates are calculated differently among various studies (10); therefore, we chose to use more than one method for recurrence calculation and still found that the known recurrence rate of 0% was the same in all categories after 6 years of follow-up. The CWW procedure appears to be a safe alternative to CWD surgery for many patients. Because cholesteatoma can reappear after many years, the results in the current study extend and embellish the original description, yet remain limited and should not be considered final.
CONCLUSION
The CWW technique is a viable hybrid alternative option to CWD surgery. The overall structural integrity of the wall is maintained without a need for a complete reconstruction effort. The postoperative result of a dry ear in the current series was 94%. The known cholesteatoma recidivation rate initially was greater in the CWW patients, yet became 0% at 2 years and remained 0% through the patient follow-up period of 6 years. Hearing results in the CWW patients were superior to the CWD group (p , 0.005), to which all these patients previously would have been relegated, and comparable to CWU surgical results.
